For over a decade, the x-ray astrophysics community has enjoyed a fruitful epoch of discovery largely as a result of the successful launch and operation of the high resolution, high sensitivity spectrometers on board the Chandra, XMM-Newton and Suzaku x-ray observatories. With the launch of the x-ray calorimeter spectrometer on the Astro-H x-ray observatory in 2014, the diagnostic power of high resolution spectroscopy will be extended to some of the hottest, largest and most exotic objects in our Universe. The diagnostic utility of these spectrometers is directly coupled to, and often limited by, our understanding of the x-ray production mechanisms associated with the highly charged ions present in the astrophysical source. To provide reliable benchmarks of theoretical calculations and to address specific problems facing the x-ray astrophysics community, electron beam ion traps have been used in laboratory astrophysics experiments to study the x-ray signatures of highly charged ions. A brief overview of the EBIT-I electron beam ion trap operated at Lawrence Livermore National Laboratory and the Max-Planck-Institut für Kernphysik's FLASH-EBIT operated at third and fourth generation advanced light sources, including a discussion of some of the results are presented.
Introduction
Beginning with the successful launches of the Chandra and XMM-Newton x-ray observatories in 1999 and 2000, respectively, high energy astrophysics entered a new era of discovery space. The strong, unresolved Fe-L shell emission features measured earlier in many objects provided the driving force for designing the high resolution grating spectrometers flown on the Chandra and XMM-Newton x-ray observatories and as a result these gratings have effective areas that 15+ ions are at the same velocity as the highly charged oxygen and Fe 16+ ions [10] . Gu et al [11] later found a much better fit to this spectrum using an improved Fe 15+ atomic data and found that all the ions are moving at −590 km s −1 . The discrepancy between theoretical models demonstrated the need for more laboratory measurements. Figure is reproduced with permission from [10] . peak around 15 Å, i.e. near the center of the strongest Fe L-shell emission. In addition, both satellites have significant collection areas in the Fe-K band, although the resolution is significantly lower than at Fe-L. Chandra transmission gratings and XMM-Newton's reflection grating spectrometer have produced some spectacular high resolution spectra in both absorption and emission (e.g. see the Chandra spectrum in figure 1) , however, the high resolution spectra of this type are limited to point sources or sources with rather small angular extent. The launch of Astro-H [1] in 2014 will for the first time bring high resolution spectroscopy to extended sources. Astro-H's soft x-ray spectrometer, which consists of a soft x-ray telescope and the x-ray calorimeter spectrometer [2, 3] , has an energy resolution of ∼5 eV and effective area of ∼200 cm 2 at 7 keV. Once Astro-H is in flight, the three orbiting x-ray observatories will make it possible to measure high resolution spectra from nearly every strong source in the x-ray sky.
The ability to decode the spectra provided by these observatories requires a thorough understanding of the underlying atomic physics taking place in a variety of highly charged ions. Laboratory astrophysics [4] experiments have played a significant role in furthering our understanding of atomic physics and addressing specific problems facing the astrophysics community. In addition to laboratory data, decoding x-ray spectra also requires well tested spectral models that can extend the results covered by experiments over the entire phase space necessary to interpret astrophysical spectra. This synergistic approach has driven both theory and experiment to provide complete sets of highly accurate, well understood atomic data. Both theory and experiment, however, are constantly being pressed by novel high resolution, high sensitivity instruments on x-ray observatories.
EBIT-I and the FLASH-EBIT
Electron beam ion trap (EBIT)-I, and more recently, the FLASH-EBIT have been used to study the atomic processes in astrophysically relevant highly charged ions. EBIT-I has been in operation for several decades and has been extensively described elsewhere (see [4, 5] and references therein). It currently houses a large suite of spectrometers that span the wavelength band from the hard x-ray to the optical. This suite includes several grating spectrometers, crystal spectrometers, solid state detectors and the EBIT calorimeter spectrometer (ECS) [6, 7] . Typical arrangements during experiments include a grating spectrometer, a crystal spectrometer, a solid state detector and the ECS. This provides the means for measuring several wavelength bands simultaneously. In addition to the suite of spectrometers, several modes of operation have been developed at the Lawrence Livermore National Laboratory (LLNL) facility, including the magnetic trapping mode [8] and the event mode [9] , that have made it possible to study and isolate a variety of atomic processes.
XRS/EBIT FLASH-EBIT
The EBIT-I electron beam ion trap has been used to address a number of astrophysics problems in several sources including, but not limited to, stellar coronae including the Sun [12, 13] , comets [14] , planetary atmospheres [15] and high mass x-ray binaries [16] . In addition, measurements from the LLNL's EBITs have been used to benchmark atomic physics codes and spectral models used to interpret spectra from nearly every high energy astrophysical source.
While EBIT-I experiments have focused on addressing laboratory astrophysics problems by studying emission, the EBIT group at Max-Planck-Institut für Kernphysik (MPIK) has recently developed and implemented the portable FLASH-EBIT [17, 18] which can be attached to beamline experiments at third and fourth generation advanced light sources and study problems involving photo-absorption. The MPIK group has developed and implemented several diagnostics that open new measurement capabilities. Notable is an ion extraction system that makes the FLASH-EBIT a powerful tool for conducting photoionization experiments [19] . In collaboration with the LLNL EBIT group and NASA/GSFC, the FLASH-EBIT has been outfitted with a complete set of grating and solid state spectrometers, including the XRS/ECS first used at LLNL [20, 21] (see figure 2) . The FLASH-EBIT has already been used successfully at the FLASH free electron laser (FEL) [17] , BESSY-II [19] , the LCLS FEL [22] and Petra-III [23] .
Experiments involving M-shell Fe ions
Measurements of x-ray emission and absorption from L-shell transitions in M-shell ions have been conducted using both EBIT-I at Livermore and using the FLASH-EBIT at BESSY-II and at the LCLS FEL. Focused measurements on these transitions began in order to address the effect of Fe XVI emission that blends with Fe L shell lines, specifically, the effect on the neon-like Fe XVII emission [13, 24] . Early measurements showed that an Fe XVI satellite line blends with the relatively strong intercombination Fe XVII line at 15.26 Å, known as three dimensional. This blend must be taken into account when interpreting high resolution spectra, especially in cooler sources where significant amounts of Fe XVI are present [25] . More recently, experiments have been conducted to address large discrepancies in the predicted velocity of the M-shell ions in active galactic nuclei as a result of disagreement among theoretical values of their rest wavelengths. Wavelengths of the absorption features in Fe 13+ -Fe 15+ were measured at BESSY-II by Simon et al [19] and Beilmann et al [26] . Wavelengths calculated using the relativistic many body perturbation theory (RMBPT) of Gu [11] were found to agree best with these measurements. Using the laboratory-tested values, it was found that, in the case of NGC 3783, the Fe M-shell ions have the same velocity structure as the more highly charged Fe 16+ and O 6+ and O 7+ ions. High resolution measurements at EBIT-I of the L-shell emission from M-shell ions have also been completed and compared with new multi-reference Møller-Plesset (MRMP) calculations [27, 28] . For transitions measured with both EBIT-I and at BESSY-II, agreement is very good. Similarly, the wavelengths predicted by the new MRMP agree with the RMBPT of Gu et al [11] in almost every case. Using their new measurements, Beiersdorfer et al [27, 28] identified several new features in the Chandra spectrum of Capella, showing that the x-ray emission from M-shell ions can produce a significant amount of flux which is not included in the standard astrophysical spectral models.
Summary
Laboratory astrophysics experiments continue to play a crucial role in the interpretation of spectral data from celestial sources. With the launch of Astro-H in 2014, the first high resolution, high accuracy spectra of the iron-K band will become available. These will drive the need for more laboratory measurements of both the photon emission and absorption of K-shell transitions in highly charged iron and iron-group elements.
